Abstract: EpitaxiaI, (001) oriented FelPd multilayers were deposited by DC magnetron sputtering onto single crystal (00l) MgO. Annealing resulted in the formation of c-axis oriented ordered intermetallic compounds with the tetragonal Llo crystal structure and the orientation relationship (OOI)FePd 11 (OOI) MgO and [110]FePd 11 [1lO]MgO. Accompanying the formation of this phase was a switch from an in-plane to an out-of-plane magnetic easy axis with a perpendicular magnetic anisotropy of 6x10 6 erg/cm 3 . The magneto-optic Kerr rotation of ordered FePd is maximum near 1.6 eV and minimum near 2.9 eV, with values of 0.29 and 0.05°, respectively.
INTRODUCTION
Recently it has been shown that c-axis oriented, ordered, equiatomic FePt and CoPt thin film structures can be formed by annealing (001) oriented epitaxial multilayers [1, 2] . Thin films of these ordered structures, which adopt the tetragonal L10 structure and have a magnetic easy axis along the c direction, were found to have very large perpendicular magnetic anisotropies and displayed an enhanced magneto-optic Kerr rotation at some wavelengths, making them attractive for magneto-optic recording applications [3] . In addition, it has also been found possible to perform thermomagnetic writing on films of this type, albeit at a high laser power [4] .
Since Pd based films have also been proposed for magneto-optic applications, this processing technique has been extended to the Fe/Pd system, which is also known to contain ordered compounds, including one that adopts the desired L10 structure [5] . By annealing (001) oriented FelPd multilayers this phase was formed with the c axis oriented preferentially out of the film plane. As in the case of CoPt and FePt films, this transformation resulted in films with magnetic easy axes out of the film plane.
EXPERIMENTAL
Films were deposited by DC magnetron sputtering onto single crystal (00l) oriented MgO 399 substrates in a 3 mTorr Ar ambient. The film structures consisted of a 5 nm thick epitaxial Pd layer (which adopted the orientation {lOO} Pd 11 { lOO} MgO) deposited at elevated temperature (400°C), onto a thin (0.4 nm) Fe seed [6] , followed by alternating Fe and Pd layers deposited sequentially at approximately 1 QO°C to minimize premature intermixing. The final layer deposited was always Pd. Typical chamber base pressures were 7xlO-8 Torr during the underlayer deposition and 2x 10- 8 Torr during multilayer defosition. Films were annealed in vacuum (-7x1O-Torr) at temperatures ranging from 350°C to 575°C for times ranging from 1-48 hours.
After deposition and again after annealing, structural characterization was performed using xray diffraction and transmission electron microscopy (TEM). X-ray diffraction experiments were performed using CuKa radiation on a Philips 3100 diffractometer equipped with a graphite monochromator. TEM was performed using a Philips 430ST operating at 300 kV, with a point resolution of around 0.19 nm. TEM specimens were produced for both plan view and crosssection imaging by standard grinding and polishing techniques, followed by ion milling at 77 K to avoid specimen heating. Magnetic characterization was carried out on as-deposited and annealed films using torque magnetometry, and magneto-optic Kerr spectroscopy for an incident photon energy range from 1.2-3.5 eV. [7] . No other 400 orientations were observed, indicating that the multilayer reaction effectively suppressed the growth of the other two possible orientation variants.
RESULTS AND DISCUSSION
The presence and orientation of this phase was also observed using high resolution TEM (HREM), as shown in Figure 2 . In both images the electron beam direction was [1l0]M8 0 , and [OOl] MgO is toward the top of the page. FIgure 2a shows the structure of ordered FePd which, when observed in this orientation consists of alternating Fe and Pd layers stacked along [001], seen as alternating light and dark rows, respectively, in the image. Ordered domains of this type extend for tens of nm, separated by anti phase domain boundaries. Figure 2b shows a HREM image demonstrating the epitaxial nature of the FePdlMgO interface. As can be seen in the image the film is ordered up to the interface, indicating that the annealing treatment effectively eliminated the 5 nm Pd seed layer, resulting in a Pd rich region near the base of the film.
The microstructure of the film is shown in Figure 3 , which is a cross··section bright field/dark field pair taken using the (00l) superlattice reflection. As can be seen in the dark field image, large ordered domains are present, particularly in the top portion of the film, separated by anti-phase Numerous twins were also observed to extend throughout the film thickness, as shown in Figure 4 , which shows an electron diffraction pattern ( Figure 4a ) and a HREM image (Figure 4b ) from the film shown in Figures 1-3 . In the electron diffraction pattern tw~n intensity appears as streaks elongated along <111> as denoted by arrows in the figure. The streaks can be indexed relative to the matrix as resulting from a rotation of approximately 70° about the [110] electron beam direction. The HREM image shows the typical defect geometry consisting of two closely spaced 401 twins separated by a region of ordered FePd approximately 3 nm thick, with the c-axis in the twinned region rotated relative to the surrounding matrix. The small spacing between the twin planes is responsible for the streaks observed in the diffraction pattern. From the HREM image is apparent that the twin planes are {I I 1 } . It is well established in the literature that a heavily twinned structure often develops due to the cubic ~ tetragonal transformation accompanying ordering from a disordered solid solution in materials that adopt the L10 structure [8,9J. In those cases, however, the twins form on {1lO} planes and are a result of elastic interactions between the ordered domains growing in the three possible orientation variants.
The current situation, which is essentially that of annealing a thin-film diffusion couple rather than a solid solution, is significantly different than that of ordering from a disordered Figure 3 . Cross-section bright field/dark field pair of ordered FePd. The dark field image was taken using the (001) natural superlattice spot and the dark lines are antiphase domain boundaries. bulk alloy. Since only one orientation is predominant it is not surprising that a different , defect structure accompanies the transformation.
As expected, the formation of ordered FePd has a dramatic effect upon the film magnetic properties. As-deposited films were found to have in-plane magnetic easy axes which switched to out-of-plane upon annealing to form c-axis oriented ordered FePd. This can be seen in Figure  5 , w~ich shO\ys torque magnetometry curves of a (23 A Fef3 I A Pd)16 multilayer as-deposited and after annealing to form ordered FePd. In both cases, 0° and 90° rotations correspond to [100] and [001] directions, respectively. There is a clear switch in easy axis direction and the measured anisotropy of the ordered film is 6x10 6 erglcm 3 .
The magneto-op1tic characteristics of the annealed film are shown in Figure 6 . A magnetic field of ±20 kOe, sufficient to saturate the film, was applied out of the film plane and the Kerr rotation was taken to be half that measured between the two extremes of applied field. The magnitude of rotation available from this material is relatively low, with a maximum of 0.29° near 1.6 eV and a minimum of 0.05° near 2.9 eV. Indeed, in comparison to other c-axis oriented L10 films produced by similar processing, ordered FePd has lower rotations in both the low energy (compared to FePt) and high energy (compared to CoPt) regimes [3] . Since the main driving force for new generation magneto-optic materials is increased Kerr rotation at higher incident photon energies for use with blue lasers, ordered FePd appears to be a poor candidate for this application. Vibrating sample magnetometry shows that the films have significant magnetic moments on the order of 850 emu/cm 3 , however, so Pd based materials such as these are potentially attractive for perpendicular magnetic recording applications. Magnetic measurements showed a switch from an in-plane to an out-of-plane magnetic easy axis upon the formation of c-axis oriented ordered FePd, with a measured ~erpendicular anisotropy of up to 6x 1 0 6 erg/cm. The variation of the magneto-optic Kerr rotation with incident photon energy for ordered FePd shows a maximum value of 0.29° near 1.6 eV, and a minimum of 0.05° near 2.9 eV. Figure 6 . Saturation Kerr rotation for a [001] oriented ordered FePd film.
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